The effect of sprouting on the instrumental texture, antioxidant activity, and flavonoid profile of the paste prepared from four Indian onion varieties (Punjab White, Punjab Naroya, PRO-6, and Commercial) was studied. The significant (P ˂ 0.05) effect of sprouting on microstructure, firmness, adhesiveness, gumminess, and chewiness in paste samples from all varieties was observed. There was significant decrease (P ˂ 0.05) in lightness with consequent significant (P ˂ 0.05) increase in redness, greenness, and yellowness in paste samples which was due to the increase in anthocyanin content with sprouting. The paste samples from sprouted onion varieties also showed an increase in phenol content, flavonoid content, antioxidant capacity, and DPPH radical scavenging activity. The HPLC analysis revealed an increase in total flavonoids in pastes from PRO-6 and Punjab Naroya varieties. Thus, present study implied that sprouting could be beneficial as it enhanced the functional potential of onion pastes.
Introduction
Onion (Allium cepa L.) crop of commercial importance in India is characterised by strong aroma and flavour which makes it an essential ingredient in almost all the food preparations in various processed forms such as essential oils or oleoresins, paste, powder, juice, and flakes. [1] Onion of particular origin has specific nutritional profile which consists of protein, carbohydrate, fat, fibre, ash content, ascorbic acid, flavonoid compounds that determine its functional potential in food and therapeutic applications. [2] Onion is an abundant source of phenols, flavonols (quercetin, isorhamnetin, kaempferol, and their glycosides) and anthocyanins (cyanidin and peonin) and their concentration depends upon the geographical location, cultivar, climatic conditions, and storage conditions. [3] Several onion varieties in India have been characterized for their chemical composition and antioxidant properties. [1, 4] In recent years, increasing attention has been paid to the role of bio-molecules which possess antioxidant activity that plays a potential role in human health and are associated with reduced risk of a number of chronic diseases. The major antioxidants of vegetables are vitamins C and E, carotenoids, and phenolic compounds, especially flavonoids. [5, 6] These days, consumers also demand mildly processed or treated vegetables without compromising their nutritional value and enhancing quality in terms of texture, flavour, and taste. These considerations have made characterization as a key element in the food industry, since it provides information about the enhancement of quality parameters. Sprouted vegetables contain significantly greater concentrations of bioactive compounds (flavonoids, polyphenols, glucosinolates, and anthocyanins) than mature plants. [7] Onion crop like every other agricultural commodity is required to be stored properly to prolong its availability with minimum qualitative and quantitative losses. [8] The optimum conditions for storage of onion bulbs are 30°C-35°C temperature and 65%-70% relative humidity under ambient condition. The storage of onion bulbs in cold store at optimal storage temperature of 0°C with 65%-70% relative humidity extends shelf life of onion bulbs and reduces post-harvest storage losses. [9] The onion bulb as a living system is a natural food store for the plant that undergoes a natural biological process of sprouting which is a major contributor of the total post-harvest storage losses. [8] It has been reported that 50%-90% storage losses occur depending upon genotype and storage conditions. Out of total storage losses, 20%-40% comprised sprouting in case of onions. On the other hand, sprouting has been widely used as an inexpensive, fruitful, and easy mechanism convenient for enhancing the nutritional and functional potential of cereals, pseudo cereals, cruciferous, and legumes. [10] Sprouting was found to be associated with the development of phytochemical components, viz. glucosinolates, natural antioxidants that play significant role in prevention of cancer and thus can be utilized for the development of functional foods. [11] As compared with other vegetables (broccoli, cauliflower, kale, radish), [12] [13] [14] sprouting of onions has received little attention. We have recently reported [15] that sprouting in onions led to increase in protein content, ascorbic acid content, anthocyanins content, total phenol content, total flavonoid content, and antioxidant activity. Similarly, in other studies it has been reported that sprouted onion samples were found to contain high level of phenolics, [7] total quercetin, [8] and quercetin-4′-O-monoglucoside. [16] It is clear from aforementioned findings that sprouting of onion is beneficial in terms of functional properties, but no study has ever been carried out to explore the enhancement of functional potential with sprouting in paste from the four onion varieties of Indian origin.
Materials and methods

Chemicals, raw material, and storage conditions
The chemicals Folin Ciocalteau reagent, gallic acid, and sodium carbonate were purchased from Loba Chemie Pvt. Ltd., Mumbai; 2,2-diphenyl picryl hydrazyl (DPPH) was purchased from Fluka Goldie, Mumbai; acetone and methanol (HPLC grade) were purchased from Ranbaxy, New Delhi; and reference standards quercetin, myricetin, Kaempferol, quercetin 3′-glucoside (3,3′,4′,5,7-pentahydroxyflavone 3-β-glucoside), and quercetin 4′-glucoside (3,3′,4′,5,7-pentahydroxyflavone 4′-glucoside) were from Acros Organics, NJ, USA.
Three Rabi season onion varieties (Punjab Naroya, Punjab White, and PRO-6) ( Fig. 1) were procured from Department of Vegetable Science, P.A.U., Ludhiana, India, which were sown in January and harvested in month of May 2014. Onion bulbs (150) of each variety were subsequently stored in jute bags under dark storage conditions for a period of 7 months till December in order to break dormancy at an average temperature of 26.3°C and average relative humidity of 64.3%, and after that they were moved to ambient conditions for sprouting. The average light intensity of 64 Lumen, average relative humidity of 80.2%, average temperature of 15.22°C was observed for 3 weeks and after 3 weeks the onions attained the sprout length in the range of 7-10 cm. The varieties free of any microbial growth were subsequently utilized for the preparation of onion paste and analysed for physico-chemical, textural, antioxidant properties, and flavonoid profile. One commercial variety ( Fig. 1 ) bought from local market was also stored, utilized, and analysed under similar conditions.
Preparation of paste
Raw and sprouted onion bulbs (varieties: Punjab Naroya, Punjab White, PRO-6, and commercial) were peeled, cut, and immediately processed into puree using a laboratory size grinder (Morphy Richards, Swinton, UK). The purees were passed through a 14-mesh sieve to obtain the product of uniform consistency and held at room temperature (25°C ± 1°C) for 1 h in a covered container in order to facilitate enzymatic action for colour and flavour development. The pastes from raw and sprouted onion varieties were prepared by adding 10% common salt (sodium chloride) to the purees in order to increase their total soluble solids (TSS). The pH of the pastes was adjusted by adding desired quantity of 0.3% citric acid solution which acts as an antioxidant, and an acidified food (pH < 4.6) requires only mild heat treatment to become shelf stable. [17] Physico-chemical properties Total soluble solids (°Brix) were determined using a hand-held digital refractometer (Erma Hand Refractometer, Erma, Inc., Tokyo, Japan) at 20°C and total solids using a vacuum oven at 70°C to constant weight. [18] pH is regarded as an important index for onion paste, since it could be an indirect means to demonstrate internal changes of the product such as microbial activations. This index was measured by a digital pH metre (Eutech Instruments Pvt. Ltd., Singapore) at 25°C. Before the experiment, the pH metre was calibrated with commercial buffer solutions at pH 7.0 and 4.0. The per cent titratable acidity was measured in terms of citric acid by titrating the diluted paste against 0.1 N NaOH solution using phenolphthalein indicator. [19] Sodium chloride was determined by titration with silver nitrate. [19] Water activity (a w ) of the product was determined using water activity meter (Aqualab CX2T, Decagon Devices, USA) according to the method of AOAC. [20] Particle size distribution measurement
The particle size distribution (PSD) was measured using a laser light diffraction particle size analyser (Shimadzu SALD-2300, M/s. Shimadzu Corporation, Kyoto, Japan). Each sample was run in duplicate. In the instrument, laser light (wavelength 720 nm) was scattered by the suspended particles and the generated diffraction pattern (a composite of the diffraction patterns for all particles) was measured. The instrument converted this composite diffraction pattern into particle size distributions. The percentage number of particles with different sizes was evaluated and the median, mean, and modal was calculated as given by the software. [18] Microstructural study
The changes in cell wall material distribution and form were studied using light microscopy (Olympus CX21i, Japan) with a magnification of about 100×, in at least six pictures for each sample. [18] Figure 1. Images of raw and sprouted onion varieties: PWR: Punjab White raw; PNR: Punjab Naroya raw; PRO 6 R: PRO 6 raw; CMR: commercial raw; PWS: Punjab White sprouted; PNS: Punjab Naroya sprouted; PRO 6 S: PRO 6 sprouted; and CMS: commercial sprouted.
Instrumental textural measurement
Textural measurements of the paste samples were performed at 25°C through a back extrusion technique using the texture analyser (Stable Micro Systems, Surrey, UK). The tests were performed at a pre-test speed of 2.0 mm/s, a test speed of 1.0 mm/s, and a post-test speed of 5.0 mm/s with a target mode strain 70.0% at a high calibration of 100 mm. The samples were carefully scooped into cylindrical containers to minimize the presence of air pockets. The depth of the samples in the cylinder was 70 mm and the probe was calibrated to a starting distance 30 mm above the top of the sample surface. The probe, which was positioned centrally over the sample container, gradually moved through the paste while readings were taken by the sensors. [21] Colour evaluation Colour of both raw and sprouted paste samples was determined using a colorimeter (Model CR-10, Konica Minolta Sensing, Inc., Japan) equipped with D 65 illuminant. Three colour values, namely lightness (L*), redness/greenness (a*), and blueness/yellowness (b*) values were noted.
Phytochemical analysis
Sample extraction
Paste sample (0.5 g) was weighed and centrifuged for 15 min at 5000 rpm at 4°C. The supernatant was separated and stored at 20°C for further studies.
Determination of total flavonoid content To 1 ml of methanolic extract, 0.5 ml of 2% w/v AlCl 3 in methanol, and 0.5 ml potassium acetate (120 mM) were added and incubated at room temperature for 30 min. Absorbance was read at 415 nm using UV spectrophotometer (HACH DR 6000, Dusseldorf, Germany). Quercetin was used as a standard and the results were expressed as milligrams of quercetin equivalents per gram of fresh weight sample. [22] Determination of total phenolics Total phenolics were determined by the method described by Sobhi et al. [23] using gallic acid as a standard and results were expressed as milligrams of gallic acid equivalents per gram of fresh weight of sample.
Total antioxidant capacity
Total antioxidant capacity determination is based on the reduction of Mo (VI) to Mo (V) by the extract, and subsequent formation of a green phosphate-Mo (V) complex at acidic pH. The total antioxidant capacity was expressed based on GAE as described by Ruanma et al. [24] DPPH radical scavenging activity
The percentage of DPPH scavenging activity was determined as follows:
DPPH radical scavenging activity (%) = [(A 0 − A 1 )/A 0 ], where A 0 is the absorbance of control and A 1 is the absorbance of sample. [15] High-performance liquid chromatography (HPLC) analysis for flavonoids From onion paste samples (2.5 g) flavonoids were extracted using 60% ethanol (10 ml) for 24 h at room temperature in the dark. The solution was filtered through a 0.45 µm PTFE membrane filter and was kept in the refrigerator until the chromatographic analysis. The flavonoid contents of the paste samples were analysed according to a modified method by Lee et al. [25] Analyses of the extracts were carried out by HPLC with 1290 infinity LC system equipped with a quaternary pump (G4204A) and UV absorbance detector. The separation was performed by using Phenomenex Luna C18 100 Å column (150 × 4.6 mm) with a particle size of 5 µm. The mobile phase consisted of the following linear gradient of acetonitrile (A) and 0.5% formic acid in water (B): 0-10 min, 20% B; 10-15 min, 20%-80% B; 15-22 min, 80%-20% B. Detection was set to 360 nm for flavonoids with flow rate of 0.8 ml/min at 30°C and the injection volume was 20 µl. Identification of flavonoids was carried out by comparing their retention time and spectral characteristics of unknown analytes with those of the reference standards.
Statistical analysis
The analysis was carried out in four replicates for all determinations and the average values were used in the data analysis. A two-way analysis of variance (ANOVA) was carried out to assess the significant main effects for variety and sprouting on various analysed parameters. Duncan's test was further used to estimate least significant range between means by using Statistica, version 12 (StatSoft India Pvt. Ltd., New Delhi, India).
Results and discussion
Two-way ANOVA of data revealed significant varietal differences (P ˂ 0.05) in paste samples for all the determined parameters except per cent acidity, moisture content, water activity (a w ), and salt content. The significant differences (P ˂ 0.05) due to sprouting on onion pastes were also found for all the determined parameters except per cent acidity, moisture content, and salt content in all the varieties.
Physico-chemical properties
The physico-chemical characteristics of paste samples from raw and sprouted Punjab White, Punjab Naroya, PRO-6, and commercial variety are summarized in Table 1 . The pH value and per cent acidity of paste samples from raw onion varieties did not vary significantly (P > 0.05). However, paste samples from sprouted onion varieties showed significant differences (P ˂ 0.05) in pH value and per cent acidity. It was reported that there was increase in ascorbic acid content with sprouting in onion varieties which led to increase in per cent acidity and subsequent decrease in pH of pastes from sprouted onion varieties. [15] TSS (°B) content significantly (P ˂ 0.05) varied in paste samples from raw onion varieties except paste from Punjab White and PRO-6 varieties. Sprouting led to decrease in total soluble solids in all the four onion varieties, and significant differences (P ˂ 0.05) were observed in paste samples from Punjab White and Punjab Naroya variety. In the study of Chope et al., [26] rapid utilization of soluble sugars during sprouting was found to decrease TSS concentration in cv. SS1 onion variety of United Kingdom origin. Total solids in paste samples from raw onion variety were found to be statistically (P ˂ 0.05) similar in Punjab White and PRO-6 varieties and also in pastes from Punjab Naroya and commercial varieties. Paste from sprouted onion varieties showed statistically significant differences (P ˂ 0.05) except in paste samples from Punjab White and PRO-6 varieties. TSS in paste samples from all sprouted onion varieties was less than the pastes from corresponding raw onion varieties. According to Zeilenski, [27] the decrease in total solid content could be explained by the synergistic effect of increase in moisture content and utilization of constituents during sprouting. [28] Salt content (NaCl), water activity, and moisture content showed significant differences (P < 0.05) in pastes from both raw and sprouted onion varieties. Pastes from sprouted onion varieties possessed higher moisture and water activity in contrast to pastes from raw onion varieties. Khalil et al. [29] reported an increase in moisture content due to sprouting in chick pea cultivars, and the increased moisture content was due to absorption of water by the samples from surroundings in order to continue their metabolic processes. [30] Colour evaluation
Colour analysis revealed significant differences (P ˂ 0.05) in all the three colour values (L*, a*, b*) in pastes from both raw and sprouted onion varieties. From the results (Table 2) it is clear that sprouting resulted in decrease in L* value (lightness), increase in a* value (green/red) and b* value (yellow). Paredes-lopez and Mora-escobedo [31] have investigated the effect of sprouting on colour values in amaranth seeds and mentioned that sprouting was found to decrease lightness and enhance the red and yellow colours.
In the present study, sprouting led to significant decrease (P ˂ 0.05) in lightness in all the varieties except commercial variety, with significant (P ˂ 0.05) enhancement in greenness in Punjab White and redness in Punjab Naroya, PRO-6, and commercial varieties. The increase in b* value, that is pronounced yellowness with sprouting, was also observed with significant increase (P ˂ 0.05) in case of Punjab Naroya and PRO-6 varieties. Majid et al. [15] indicated that decrease in lightness and consequent increase in redness, greenness, and yellowness with sprouting might be attributed to increased anthocyanin content with sprouting in onion varieties.
Particle size distributions
The mean, median, mode, and diameter on cumulative (10% and 90%) of paste samples for both raw and sprouted onion varieties are listed in Table 2 . Median, mean, and cumulative diameter (10% and 90%) of pastes from raw onion varieties did not vary significantly (P > 0.05) except in the case of paste from raw Punjab Naroya variety. Similarly, the modal diameter did not show significant difference (P > 0.05) in pastes from both raw and sprouted onion varieties. Mean, median, and modal diameter of paste samples from sprouted onion varieties did not significantly (P > 0.05) vary except median in sprouted Punjab White variety. The cumulative 10% diameter of paste samples from sprouted Punjab White and Punjab Naroya onion varieties significantly (P ˂ 0.05) varied, and cumulative 90% diameter did not show significant differences in paste samples from Punjab White, Punjab Naroya, and commercial varieties. From the results of particle size distributions (Table 2) , it is clear that sprouting led to decrease in particle size in all the four onion varieties, and significant (P ˂ 0.05) decrease was observed in median of Punjab White variety and modal of commercial variety. The cumulative 10% diameter showed significant (P ˂ 0.05) decrease in Punjab Naroya variety, and cumulative 90% diameter also was found to decrease significantly (P ˂ 0.05) in all the varieties except PRO-6 variety. Since in the present study the only difference between the pastes developed from onion varieties is due to the treatment of sprouting, so it can be inferred that sprouting resulted in structural breakdown in onions that resulted in production of smaller particles under similar processing conditions. The results were consistent with those reported on soy butter prepared from sprouted soya beans which was found to have smaller values of particle size diameter and volume than butter prepared from raw soya beans. [32] Microstructural study
In Fig. 2 representative microscopic pictures depict the structure of the pastes from raw and sprouted Punjab White variety. Figure 2 (a) revealed that the structure of paste from raw Punjab White variety consisted mostly of whole cells with apparently intact cell walls. Figure 2(b) showed that the paste from sprouted Punjab White variety consisted of only few intact cells, with several broken cells and cell wall material suspended in an aqueous media. This implied that significant changes were induced in the structure due to sprouting which resulted in fewer small-sized whole cells and consequently decrease in the particle size of pastes from sprouted onion varieties. Yan et al. [33] reported that during sprouting the intrinsic enzymes (e.g., proteases, amylases, and lipases) are activated that act on protein and cell walls resulting in its breakdown and disruption of whole cells.
Instrumental textural measurement
The textural properties (Table 3 ) of pastes developed from raw onion varieties varied significantly (P ˂ 0.05) except firmness in Punjab White and commercial varieties, adhesiveness in PRO-6 and commercial varieties, and springiness in Punjab Naroya and commercial varieties. The textural properties (firmness, adhesiveness, gumminess, and chewiness) of pastes developed from sprouted onion varieties showed significant difference (P ˂ 0.05). However, cohesiveness and springiness did not show significant difference (P > 0.05) except in paste from sprouted Punjab White variety. It is clear from the results ( Table 3 ) that sprouting led to significant (P ˂ 0.05) effect on the textural properties of pastes except cohesiveness in paste from PRO-6 variety and springiness in pastes from Punjab Naroya and commercial varieties. These results were similar to the findings of Murugkar, [34] who reported decrease in firmness and increase in cohesiveness, springiness, and chewiness in tofu prepared from sprouted soya bean. In another study, it has been reported that noodles prepared from sprouted buckwheat were less firm than those prepared from raw buckwheat, and the decrease in firmness was attributed to the action of various degrading enzymes which get activated by sprouting. [35] Total phenol From the raw onion varieties, paste from PRO-6 and Punjab Naroya varieties possessed statistically (P ˂ 0.05) highest content of total phenol content followed by paste from commercial and Punjab White varieties. Pastes from sprouted onion varieties showed significant (P ˂ 0.05) differences and higher content of total phenol content than the pastes from their corresponding raw onion varieties (Table 3) . Results were well supported by previous studies which showed increase in total phenol content with sprouting in onion. [36] Tian et al. [37] reported that during sprouting product moisture increases which increases the susceptibility for injury by oxidation and as a result of which hydrolytic enzymes produce phenolic compounds having more antioxidant activity. Increased total phenol content can also be explained by the action of endogenous esterases activated during sprouting which releases cell wall-bound phenolic compounds. [38] Total flavonoid Total flavonoid content was found to vary significantly (P ˂ 0.05) in pastes from raw onion varieties and reported to be highest in PRO-6 variety. For sprouted onion varieties, pastes from Punjab White, Punjab Naroya, and commercial varieties had similar content of total flavonoids with PRO-6 variety, which has the highest total flavonoid content. The significant increase (P ˂ 0.05) in total flavonoid content with sprouting was observed in pastes from Punjab White and Punjab Naroya varieties. Sharma et al. [36] studied the effect of sprouting in onion and reported increase in total flavonoid content. The flavonoid biosynthesis during sprouting follows the pathway similar to that followed in anthocyanin biosynthesis that converts precursor L-phenylalanine (L-Phe) to dihydrokaempferol, and this biosynthesis is regulated by several environmental factors, such as light, temperature, and internal factors including plant hormones, nutrients, other secondary metabolites, and multiple regulatory genes. [39] Total antioxidant capacity Total antioxidant capacity in pastes from raw onion varieties was found to differ significantly (P ˂ 0.05) with highest in PRO-6 variety (7.14 mg GAE/g). The pastes from sprouted onion varieties Punjab Naroya and PRO-6 significantly varied (P ˂ 0.05) in their total antioxidant capacity with similar content of total antioxidant capacity in paste from Punjab White and commercial varieties. From the results, it is evident that total antioxidant capacity was higher in pastes from sprouted onion varieties with significant increase (P ˂ 0.05) in Punjab White variety ( Table 3 ). The higher total antioxidant capacity can be ascribed to the increased total phenol and total flavonoid content as reported earlier due to sprouting and heating process involved in paste making. Further, Randhir et al. [40] reported that thermal processing of sprouted wheat resulted in increase in the total phenol content thereby increasing the total antioxidant capacity.
DPPH radical scavenging activity
DPPH radical scavenging activity of pastes from raw onion varieties varied significantly (P ˂ 0.05) with highest activity in PRO-6 variety followed by Punjab Naroya, commercial, and Punjab White. The pastes from sprouted onion varieties followed the same trend in their radical scavenging activity (Table 3) . Current research results were consistent with results reported in Brassica oleracea varieties. [41] Majid et al. [15] found similar trend of increase in DPPH radical scavenging activity with sprouting and increased antioxidant activity among one of the metabolic change during sprouting is believed to occur as a result of increased activity of the endogenous hydrolytic enzymes. [42] However, in the present study the greater increase in radical scavenging activity in pastes from both raw and sprouted onion varieties might be due to release of free aglycones or generation of Maillard products as a result of heat processing which act as reducing agents and thus serve as electron donor or transfer a hydrogen atom to the DPPH radical, thus increasing the scavenginglinked antioxidant activity. [24] Flavonoid profile
The flavonoid profile of pastes from raw and sprouted onion varieties (Punjab White, Punjab Naroya, PRO-6, and commercial) are presented in Table 4 , and the sample HPLC chromatograms for pastes from raw and sprouted Punjab Naroya variety are presented in Figs. 3(a) and 3(b) , respectively. Statistically significant (P < 0.05) irregular trend of increase and decrease in flavonoid profile was observed in specific flavonol components in pastes from raw and sprouted onion varieties ( Table 4 ). The irregular trend of increase and decrease in flavonoid components due to sprouting was consistent with the studies reported in mung bean, radish, broccoli, and sunflower sprouts. [43] Quercetin and kaempferol content was found to be maximum in pastes from both raw and sprouted PRO-6 variety. The increase in quercetin and kaempferol in case of PRO-6 variety was well supported by increased content of these flavonols (quercetin and kaempferol) in germinated kidney beans. [44] In all the four onion varieties, except Punjab White, sprouting was observed to lead to significant (P < 0.05) increase in quercetin content. These results about increase in quercetin content were similar to the findings of Sharma et al. [36] Myricetin content was found to increase with sprouting in pastes from Punjab Naroya and PRO-6 varieties with significant (P < 0.05) increase in Punjab Naroya variety. Sprouting decreased the myricetin content in pastes from Punjab White and commercial variety but this decrease was not statistically significant (P > 0.05) ( Table 4) . Quercetin-3′-glucoside (3,3′,4′,5,7-pentahydroxyflavone 3-β-glucoside) for raw paste samples was highest in PRO-6 variety followed by Punjab Naroya, commercial, and Punjab White varieties. There was an increase in quercetin-3′-glucoside concentration with sprouting in pastes from PRO-6 and commercial variety with significant (P < 0.05) increase in paste from PRO-6 variety, while it decreased in pastes from Punjab White and Punjab Naroya. Quercetin-4′-glucoside (3,3′,4′,5,7-pentahydroxyflavone 4′-glucoside) for raw paste samples was also highest in PRO-6 variety and with sprouting it increased in pastes from Punjab Naroya and PRO-6 varieties. However, a decrease was found with sprouting in pastes from Punjab White and commercial with significant (P < 0.05) decrease in Punjab White variety (Table 4) . Increase in quercetin-4′-glucoside (3,3′,4′,5,7-pentahydroxyflavone 4′-glucoside) concentration with sprouting in onion was also reported by Sharma et al. [16] Similarly, Albishi et al. [45] reported that sprouted onion possessed higher concentrations of both quercetin and quercetin glucoside as compared with the non-sprouted onion samples and also showed that high level of antioxidant activity in onions was attributed to their flavonoid constituents, namely quercetin, kaempferol, and myricetin. Total flavonoids detected in all raw and sprouted paste samples significantly (P < 0.05) varied and sprouting significantly increased total flavonoids in pastes from Punjab Naroya and PRO-6 variety. It is evident from results ( Table 4 ) that with sprouting there was significant (P < 0.05) decrease in total flavonoids in paste from Punjab White and non-significant (P > 0.05) decrease in total flavonoids in paste from commercial onion variety. In the aforementioned findings, irregular pattern of flavonol changes was observed in paste samples as the content of various flavonoid components varied in consistently between varieties due to the process of sprouting. The current study implied that onion varieties behaved differently due to probable varietal difference in metabolism of onion bulbs. [25] 
Conclusion
It can be concluded that sprouting led to an enhancement in functional potential of onion pastes which was due to an increase in total phenol content, total flavonoid content, and anti-oxidant activity. The sprouting also resulted in reduction in particle size and decrease in firmness in pastes from all the four Indian onion varieties. Sprouting can thus be a fruitful way to cater the need of substituting synthetic compounds by using sprouted vegetables as natural additives in the present functional food market.
